The N-alkylation of isatins by a variety of alkyl halides and one acrylate has been demonstrated utilizing KF/Al2O3 in acetonitrile (ACN) under microwave-irradiation (180 o C) or thermally at reflux.
Introduction
Isatins 1 (and derivatives thereof) represent an important class of 'privileged structures' 2 capable of serving as ligands for a wide range of biological targets. In order to create the diversity necessary to probe the myriad possible binding partners for this heterocycle, strategies have generally relied upon de novo ring synthesis achieve the desired substitution patterns the benzenoid ring as well as effecting substitution of the isatin nitrogen.
A variety of methods have been demonstrated for the N-alkylation of isatins. Some of the more general methods include the use of sodium hydride in DMF (25-80 o C) [3] [4] [5] or THF (-20 o C to rt), 6 as well as calcium hydride (CaH2, 40-50 o C); 7, 8 conditions which have been found suitable for derivatives with electron withdrawing substituents on the aromatic nucleus. Another general protocol involves the use of K2CO3 or Cs2CO3 (1.2 equiv) in DMF (rt to 80 o C) in the presence of KI (0.2 equiv). 9 Furthermore, given the susceptibility of 5-nitroisatin to undergo nucleophilic cleavage of the amide bond under basic conditions, a novel modified procedure was developed for N-alkylation employing a mild base combination of CuCO3/Cs2CO3 (1:2) in anhydrous DMF (50-70 o C). 10 Alternatively, the use of microwave irradiation to expedite this process was first reported by Azizian using K2CO3/DMF or NaOEt/EtOH in a conventional microwave oven. 11 More recently, a comprehensive reinvestigation of this protocol was performed by Perillo et al. who examined a range of bases (Na2CO3, K2CO3, Cs2CO3, CaH2, TEA, LiOH, NMM, NaOEt) in a range of solvents (DMF, DMA, HMPT, MeCN, DMSO, NMP) and found the optimal conditions to consist of K2CO3 or Cs2CO3 and a few drops of DMF or N-methyl-2-pyrrolidinone (NMP). 12 Lindsley developed a parallel microwave procedure for the preparation of a variety of Nbenzyl isatins employing K2CO3/KI in acetonitrile (ACN) under microwave conditions (160 o C, 10 min) using a Biotage Initiator-60 instrument, 13 while Go reported an analogous process in DMF (150 o C, 5-15 min) in a similar microwave reactor. 14 The N-carboxymethylation of isatin using ethyl bromoacetate has likewise been effected under a variety of conditions, including calcium hydride (DMF, 40 o C) 7, 8 and under microwave conditions using K2CO3 or Cs2CO3. 12 More recently, Martin described a protocol for the preparation of (2,3-dioxo-indolin-1-yl)acetamides involving initial N-carboxyalkylation of isatin using ethyl bromoacetate (1.5 equiv) under basic conditions (1.5 equiv of K2CO3 in DMF, rt, 48 h) in the presence of tetrabutylammonium bromide (TBAB, 0.1 equiv) as the phase transfer catalyst. 15 Additionally, in regards to devising highly efficient and rapid solution phase methodologies for the parallel synthesis of diverse isatins, Shuttleworth utilized polymer-supported 2-tertbutylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-diazaphosphorine (BEMP) on polystyrene for the preparation of a library of serine protease inhibitors. 16 Likewise, Chibale employed the less expensive solid-supported base potassium fluoride on alumina (KF/Al2O3) as a key step in the N-benzylation of isatins prior to thiosemicarbazone derivatization as inhibitors of cysteine proteases identified in trypanosomes. 17 However, in the case of the KF/alumina paper it must be observed that no experimental details as to the stoichiometry, temperature or reaction times were provided.
Results and Discussion
In devising highly efficient and rapid solution phase methodologies for the parallel preparation of diverse isatins, it was envisaged that the use of a solid-supported base under microwave conditions might constitute a useful expedient. 18 Since it appeared that the N-alkylation of isatin had yet to be conducted under microwave conditions using KF/alumina, it was decided to examine the use of this basic catalyst in acetonitrile (ACN) under microwave irradiation in a CEM Discover microwave (300 watts). The initial parameters involved using KF/Al203 (38%, 19, 20 15 equiv) for the model reaction of isatin (0.050 g) and benzyl chloride (1.5 equiv) to yield 1-benzylindoline-2,3-dione in ACN (5 mL) in a microwave vial (10 mL). Reactions were conducted at temperatures of from 120 ºC to 180 ºC in 20 ºC increments and at time intervals of 10 and 25 min after which the reactions were monitored by GC/MS to ascertain complete disappearance of starting material. It was found that complete conversion was effected at 180 ºC for 25 min. Using these optimal parameters for time and temperature, it was found that reducing the amount of KF/Al203 to 5 or 10 equivalents did not result in complete conversion.
After ascertaining "optimal" conditions for effecting the N-benzylation of isatin under microwave irradiation, these conditions were employed to conduct other N-alkylation reactions using isatin and solid supported KF/alumina to produce the desired N-alkylated isatins (Table 1 ). All microwave reactions were conducted for 25 min at 180 ºC using 0.3398 mmol of isatin in a 10 mL microwave vial along with 15 equivalents of KF/Al2O3 (0.773 g) and 1.5 equiv of each alkyl halide in 5 mL of acetonitrile.
As can be seen from the table, microwave irradiation provides a relatively rapid means of effecting N-alkylations of isatin with a variety of benzylic halides, and ethyl bromoacetate. While the necessity of employing such a large excess of base is unclear (and may be simply attributable to stirring inefficiency), this impediment serves to limit the scale of this process in a practical sense. Moreover, since it was anticipated that the alkylation of isatins bearing electronwithdrawing groups might require even longer reaction times, it was therefore decided to examine the analogous thermal reactions. In the event, it was found that reaction of isatin or 5-chloroisatin with alkyl halides in refluxing acetonitrile afforded high yields of products using 6 equiv of KF/alumina in reaction times of 1.5 -47 h.
Although an extensive examination of the conjugate addition 21 of the isatin anion to acrylates was not examined, one reaction is worthy of comment. In the reaction of isatin with tert-butyl acrylate, an intractable red oil was initially obtained. Column chromatography of this crude product led to an orange oil which was then recrystallized from 2-propanol to yield 3-(2,3-dioxoindolin-1-yl)propanoic acid. While the point at which the tert-butyl was lost remains obscure, the isolation of the deprotected acid serves as indirect proof of the initial Michael process.
Conclusions
An examination of the scope and limitations of the N-alkylations of isatins using the solid supported base KF/alumina under microwave-assisted and thermal conditions has been detailed. The reaction under microwave conditions requires the use of 15 equiv of base (38% KF/Al2O3) whereas the reactions conducted at reflux can be effected using six equivalents of base but with extended reaction times. C NMR shifts are calibrated on the CDCl3 resonance at 77.23 ppm unless otherwise stated. Coupling constants (J) are in Hz. The following abbreviations are used to describe peak patterns where appropriate: s, singlet; d, doublet, dd, double doublet; t, triplet; q, quartet; dt, double triplet; m, multiplet. GC/MS measurements were performed using Hewlett-Packard 6890 Series GC with auto injection and mass fragments are reported a mass per charge, m/z. The GC was coupled with a mass spectrometer with Hewlett-Packard 5973 mass selective detector/quadrupole system. Flash column (Silica Gel, Premium Rf, 200-400 mesh, Sorbent Technologies) and thin layer chromatography (TLC) were performed on silica gel with indicated solvent systems. All microwave reactions were performed in a monomode MARS Glasschem 300 Watt system by CEM with sample absorption set to "normal".
1-Benzylindoline-2,3-dione.
To a solution of isatin (7.08 mmol, 1.042 g) in acetonitrile (70 mL) was added KF/alumina (6 equiv, 42.3 mmol, 6.47 g) and the resulting mixture was allowed to stir for 5 min until the initial orange solution turned to a brownish color. After which time, benzyl chloride (1.5 equiv, 10.62 mmol, 1.22 mL) was then added dropwise after which the mixture was refluxed for 2 h. The mixture was allowed to cool to rt and the suspended KF/alumina was vacuum filtered from the solution and washed with ACN. The filtrate was then evaporated under reduced pressure to afford a solid which was recrystallized from DCM/hexanes to afford the pure (TLC, GC/MS) product as orange crystals (1.47 g, 88%): mp 130-132 °C; (lit. 8 
1-(2,6-Dichlorobenzyl)indoline-2,3-dione.
To a solution of isatin (3.39 mmol, 0.5 g) in acetonitrile (115 mL) was added KF/alumina (20.4 mmol, 3.12 g) and the resulting mixture was allowed to stir for 5 min until the initial orange solution turned to a brownish color. After which time, 2,6-dichlorobenzyl bromide (1.5 equiv, 5.1 mmol, 1.22 g) was added and the mixture was then refluxed under acetonitrile for 8 h. The mixture was then allowed to cool to rt and the suspended KF/alumina was vacuum filtered from the solution and washed with ACN. The filtrate was then evaporated under reduced pressure to afford a solid which was recrystallized from chloroform/hexanes to afford the pure (TLC, GC/MS) product as orange crystals (3. 1-(2,6-Difluorobenzyl)indoline-2,3 -dione. 13 To a solution of isatin (6.84 mmol, 1.01 g) in acetonitrile (70 mL), was added KF/alumina (6 equiv, 40.7 mmol, 6.40 g) and the resulting mixture was allowed to stir for 5 min until the initial orange solution turned to a brownish color. After which time, 2,6-difluorobenzyl bromide (1.5 equiv., 10.2 mmol, 2.11 g) was added and the mixture was then refluxed under acetonitrile for 20.5 h. The mixture was then allowed to cool to rt and the suspended KF/alumina was vacuum filtered from the solution and washed with ACN. The filtrate was then evaporated under reduced pressure to afford a solid which was recrystallized from DCM/hexanes to afford the pure (TLC, GC/MS) product as brown crystals 3-(2,3-Dioxoindolin-1-yl) propanoic acid. To a solution of isatin (2.5 mmol, 0.3678 g) in acetonitrile (30 mL) was added KF/alumina (19.0 mmol, 2.91 g) and the resulting mixture was allowed to stir for 10 min until the initial orange solution turned to a dark brownish color. After which time, tert-butyl acrylate (3.0 equiv, 7.50 mmol, 0.961g, 1.089 mL) was then added to the stirred solution after which time the mixture was refluxed for 1.5 h. The mixture was then allowed to cool to rt and the suspended KF/alumina was vacuum filtered from the solution, to give a impure red oil. A silica gel column (hexanes/EtOAc, 70:30) was used to purify separate the product from impurities to give a red solid. The solid was then recrystallized from 2-propanol to afford the carboxylic acid product as red crystals (0.1256 g, 18%): mp 144-149 ºC; Rf = 0.53 (EtOAc/hexanes, 1 17 To a solution of 5-chloroisatin (5.51 mmol, 1.00 g) in acetonitrile (70 mL), was added KF/alumina (33.04 mmol, 5.19 g) and the resulting mixture was allowed to stir for 10 min until the initial orange solution turned to a dark brownish color. After which time, benzyl chloride (1.5 equiv, 8.26 mmol, 0.952 mL) was then added dropwise and the mixture was refluxed for 47 h. The mixture was then allowed to cool to rt and the suspended KF/alumina was vacuum filtered from the solution and washed with ACN. The filtrate was evaporated under reduced pressure to afford a solid which was recrystallized from ethanol to afford the pure (TLC, GC/MS) product as orange crystals (1.20 13 To a solution of 5-chloroisatin (2.76 mmol, 0.502 g) in acetonitrile (35 mL), was added KF/alumina (17 mmol, 2.6 g) and the resulting mixture was allowed to stir for 10 min until the initial orange solution turned to a dark brownish color, inside a 250 mL round bottom. After which time, 2,6-difluorobenzyl bromide (1.5 equiv., 4.15 mmol, 0.85 g) was added and the mixture was refluxed for 24 h. The mixture was then allowed to cool to rt and the suspended KF/alumina was vacuum filtered from the solution and washed with ACN. The filtrate was then evaporated under reduced pressure to afford a solid which was recrystallized from DCM/hexanes to afford the pure (TLC, GC/MS) product as reddish-violet crystals (0.76 g, 89%): mp 172-177 ˚C; Rf = 0.46 (EtOAc/hexanes, 1:1); 1 
